Introduction
Palm oil is a good ingredient for food manufacturers due to its nutritional profiles and versatility 1 . It has a variety of food uses including cooking oils, margarines, shortenings and cocoa butter equivalents. It is an important source of downstream non-food products such as surfactants, candles, soaps, cosmetics, detergents, emulsifiers, lubricants, paints, pharmaceutical and biofuels 2 . Palm oil derivatives are used extensively as food ingredients in icecream, salad dressings, biscuits, instant noodles and condensed milk 3 . Palm oil has a high oxidative stability and health benefits, which are contributed by the abundance of natural source of carotenoids, tocopherols and tocotrienols. The existence of natural vitamin E in palm oil warrants a longer shelf-life for palm-based food products. Furthermore, tocotrienols have been reported to exert anti-oxidant 4, 5 and natural inhibitors of cholesterol synthesis 6 . Besides, carotenoids have been proven scientifically to possess anticancer 7, 8 properties.
Saturated fatty acids SFA are often perceived to be correlated with increased risk of heart-related diseases. The American Heart Association s Nutrition Committee suggested a reduction of daily saturated fats intake for adults due to the assumption that saturated fats will elevate serum cholesterol levels and consequently increase the risk of coronary heart diseases CHD 9 . Palm olein is often classified as a saturated fat as it contains approximately 47.2 of SFA and 52.8 of unsaturated fatty acid UFA , at which its fatty acid composition is similar to lard 10 .
However, the structure of palm olein is unique with SFA bound principally at the sn-1 and sn-3 positions while UFA at the sn-2 position. Even though palm olein contains considerably a high level of SFA, yet, it behaves more like a mono-unsaturated oil such as olive oil in terms of serum cholesterol levels 11 . Reiser 1973 12 performed a comprehensive examination on the literature data to assess the correlation of saturated fats with the serum cholesterol concentration and came across the fact that not all of the saturated fats possess detrimental effect on plasma lipids, with surprise. Reiser also noticed that a highly saturated fat such as cocoa butter, which comprises approximately 63.6 of SFA, exhibited neutral effects on serum cholesterols in human subjects. Therefore, the misconception of deleterious effect of saturated fats should be reviewed.
Classification of Fats and Oils
Fats and oils are made up of a mixture of triglycerides TG , which consists of a glycerol backbone to which three fatty acids are esterified. The positions of fatty acid attached to the glycerol backbone are referred by stereospecific numbering sn -1, -2 and -3, as shown in Fig. 1 13 . The stereospecific position of fatty acids in TG has a great impact on the properties of oils and fats. Table 1 . As a summary, it is noteworthy that the positional distribution of fatty acids in the TG molecule does give an impact to the properties of fats and oils, and should not be classified based on the overall fatty acid composition 1, 13 .
Concepts of sn-2 hypothesis
The exceptional neutral effects of human serum cholesterol resulted by high level of SFA may be due to the digestibility, which is influenced by the fatty acid distribution on TG 15 . According to Padley 16 and World Health Organization WHO , the stereospecific position of fatty acids in the TG molecule determines the physical characteristic of fats, as well as affects the absorption of fatty acids, lipid metabolism and fat distribution in tissues. The different digestibility and absorption of fatty acids, which are attached to different positions at TG backbone, play major roles in serum cholesterol levels. This statement is able to justify that the cocoa butter with high level of SFA does not elevate the serum cholesterol concentration. To date, no scientific study reveals that all of the fats containing high SFA will lead to the cardiovascular diseases for the reason that the metabolic and serum cholesterol response distinctively to the positional distribution of SFA 17 .
TG is easily hydrolyzed by the pancreatic lipase and gives rise to two units of free fatty acids, which are released from the sn-1 and sn-3 positions of TG, together with one unit of 2-monoglyceride 18 . These free units will be re-synthesized into TG in endoplasmic reticulum once they cross the enterocyte barriers by diffusion. The ingested TG and fat-soluble substances will be packed into lipoproteins called chylomicrons in the body system. The major role of chylomicrons is to carry the lipids in the circulatory system through lymphatic vessels and consequently delivered the absorbed TG to the cells of the body. In short, lipoprotein lipase, an enzyme that is present in the capillary endothelial cells, is responsible to hydrolyze TG in chylomicrons and other lipoproteins into 2-monoglyceride and fatty acids and subsequently diffuse the hydrolyzed substances into the body cells 19 . Intestinal cholesterol absorption is important because of the clinical relevance of cholesterol. When passing through the small intestine, an approximately 50 of total cholesterol will be typically absorbed while the leftover will then be excreted in the form of faeces 20 .
Conversely, fatty acids that are situated at the sn-2 position of TG are prone to be transported to the liver instead of adipose tissue, attributed to the stereospecific activity of lipoprotein lipase for the sn-1 and sn-3 positions of TG 21, 22 .
In other words, the glyceride that will be absorbed in the Fig. 1 Stereospecific numbering sn of fatty acids in triglyceride structure 13 .
intestine is 2-monoglyceride. This is in opposition to the weak absorption of long chain SFA, which are derived from sn-1 and sn-3, due to the poor solubility of these SFA and likely to form insoluble magnesium and calcium soaps instead of being absorbed into the body. Furthermore, hepatocyte is the major site of actions of fatty acids for the metabolism of low density lipoprotein LDL . Therefore, SFA at the sn-2 position of dietary TG are more susceptible to raise the LDL concentrations than the same SFA which are located at the sn-1 or sn-3 positions. Five randomized crossover human clinical trials were carried out by different groups of researchers from year 1992 to 2015 and the summary is presented in Table 2 . A comparative study 2 6 weeks intervention on serum cholesterol levels in healthy normocholesterolemic Malaysian adults aged from 21 to 41 was performed by Ng and his co-workers in 1992 23 . The results indicated that sub- Note: Regio-specific analyses of the dietary oils were performed using a NMR spectrometer JEOL ECZ-600MHz as described by Teh et al. 10) ; n.d.= not detectable. Table 1 Positional fatty acid composition mol/100 mol total fatty acids of the dietary oils. 24 .
Even so, another marker, ratio of TC:HDL showed that there was no significant difference between volunteers consuming palm olein and olive oil diets, statistically.
Palm olein vs Soybean oil vs Peanut oil
A 5-week cross-over human clinical trial was conducted by Marzuki et al. 1991 28 to evaluate the influence of palm olein IV56 and soybean oil diets on plasma lipid profiles in 110 male adolescent students in Malaysia. It was found that the serum cholesterol levels, TC, TG, LDL and HDL for both groups did not differ significantly. Seven subjects had serum cholesterol levels exceeding the baseline set for normocholesterolemic subjects. The data of serum cholesterol levels for these subjects were reanalysed and the authors found that the TG levels of the subjects in soybean oil group was exceptionally higher than that of palm olein group p 0.05 . A few years later, Ghafoorunissa et al. 1995 29 performed two cross-over studies to assess the effects of palm olein and groundnut oil on plasma lipid profile in middleaged healthy Indian subjects. The 8-week cross-over intervention was conducted in 12 men where the energy intake from fat was 27 , whereas the 16-week cross-over intervention was conducted in 12 men and 12 women where the energy intake from fat was 32 . No statistically difference was observed on the plasma lipid profiles of the subjects between palm olein and groundnut diets for both shortand long-term studies, even though both studies were varied in terms of number of participants, duration and energy intake from fats. A 6-week parallel human clinical study was also performed by Zhang and co-workers 30 to evaluate the effects of palm olein IV64, soybean oil, peanut oil and lard-enriched diets in 120 normocholesterolemic young men with serum cholesterol concentration ranged from 2.8 to 5.0 mmol/L 30 . The test oils were incorporated at approximately 75-80 of 30 fat calories into Chinese diets. The subjects in palm olein and soybean oil groups showed comparable serum cholesterol levels p 0.05 . The findings were in good agreement with the previous study performed by Marzuki et al. 1991 28 . The subjects in the peanut oil group had statistically lower HDL and higher TC:HDL ratio if compared to that of palm olein group. In addition, the TC, LDL and TC:HDL ratio of subjects consuming lard-enriched diet were significantly higher than those consuming palm olein-enriched diet. The outcomes differed from the findings report by Tholstrup et al. 24 .
Zhang et al. 1997 30 also conducted another randomized 2 6 weeks crossover intervention with 3 weeks of washout period to investigate the effects of palm olein and peanut oil-enriched diets on serum lipids in 51 hypercholesterolemia subjects with serum cholesterol ranged from 5.5 to 7.0 mmol/L. There was no significant difference between the entry and end values of subjects consuming palm olein on TG and HDL. Meanwhile, significant reduc-tions of TC, LDL and TC:HDL ratio of the subjects in the palm olein group were observed at the end of the sixth week. The ratio of TC:HDL was found to be reduced significantly in the subjects consuming palm olein diet after a 3-week washout period while peanut oil diets demonstrated no significant influence on serum cholesterol levels throughout the experiment. In short, subjects consuming palm olein-enriched diet possessed better serum cholesterol profile compared to those consuming soybean oil-, peanut oil-and lard-enriched diets, as reported in literature data.
Palm olein vs Sun ower seed oil vs Canola oil
A Latin square designed study was done in 29 middleaged male subjects to compare the effects of dietary fats containing palm olein IV56 and sunflower seed oil on serum cholesterols in 1993 31 . Nineteen percent of the total energy was obtained from the test oils. Volunteers who consumed palm olein-rich diet possessed significantly higher TC, TG and HDL than those who consumed sunflower seed oil group. Nevertheless, subjects with the intake of palm olein diet have no significant influence on plasma lipid profile compared to the baseline values.
A double-blinded, randomized 3 4 weeks cross-over study was conducted on 23 healthy normolipemic men. The results revealed that the subjects fed with palm olein IV56 and canola oil demonstrated comparable effects on TC, LDL, TG and HDL 32 . It was noted that palm olein diet reduced serum TG relative to the entry values baseline by approximately 10 . Thus, we can summarize that palm olein behaves like both mono-unsaturated oils e.g. olive, peanut and canola oils and poly-unsaturated oils e.g. soybean and sunflower seed oils .
Predictions of effects/responses of dietary fats on serum cholesterol levels
Several predictive studies were carried out from year 1957 to 2016 to evaluate the responses of dietary fats on serum cholesterol levels see Table 3 . Ahrens et al. 1957 reported that the total degree of unsaturation levels of dietary fats plays an important role in regulating plasma lipid levels. The researchers suggested that the serum cholesterol level is inversely correlated to the iodine number of dietary fat 33 . On the other hand, Gunning et al. 1964 Table 3 Predictions of effects of dietary fats on serum cholesterol levels. 
Sn-2 Hypothesis: a Review on Effects of Palm Oil
compared the effects of avocado oil, corn oil, soybean oil, cottonseed oil, safflower oil and coconut oil on plasma lipid levels in human subjects 34 40 . The test fats included in the analysis were safflower oil, high oleic safflower oil, corn oil, coconut oil, beef fat, soybean oil, synthetic fat, blends, hydrogenated safflower oil, hydrogenated soybean oil, hydrogenated canola oil, hydrogenated sunflower seed oil, butter, canola oil, trans fatty acids, rice bran oil, MCT, palm oil, rapeseed oil, sunflower seed oil, high oleic sunflower seed oil and a combination of habitual diets. The predictive equations for TC, LDL and HDL were modified and therefore TC:HDL ratio was introduced.
It was noted that all the predictive statements or equations were based on the total fatty acid compositions of dietary fats. Therefore, different approach has been carried out to evaluate the effects of dietary fats on cholesterol levels in 2016 10 . Recalculation of serum cholesterol levels using predictive equations based on fatty acids at the sn-2 position was introduced in order to account for the discrepancies in response to various types of fats with similar total fatty acid composition but with different fatty acids at the sn-2 position such as stearic acid-rich diets cocoa butter , lard and palm olein. Results indicated that fatty acids at the sn-2 position gave significant effects on serum cholesterol levels rather than the overall fatty acid compositions of the TG 10 . 42 performed an in vivo study to assess the effects of palm oil, sunflower seed oil and lard diets on aortic atherosclerosis in vervet monkeys. It is remarkable to find out that palm oil diet has significantly lowered the risk of developing early lesions in peripheral arteries compared to sunflower seed oil-and lard-fed groups and in aortas of vervet monkeys compared to lardfed group. The difference between palm oil and sunflower seed oil is deduced to the high content of tocotrienols in palm oil.
Conclusions
Previous findings denoted that palm olein is a saturated fat due to its similar fatty acid composition with lard. However, many evidences indicated that the palm olein behaves like olive oil instead of animal fat. This review discovered that palm olein diet has comparable effects on serum cholesterol levels with various vegetable oils such as olive, soybean, peanut, sunflower seed and canola oils whereas the effects of palm olein and lard on serum lipids are different. It was found that palm olein and other vegetable oils contain predominantly UFA at the sn-2 positions in TG ranging from 89.6 to 100 thereby consistent with sn-2 hypothesis. Meanwhile, lard has 11.2 of UFA located at the sn-2 position of TG distinguishes it from palm olein with a difference of up to 78.4 of UFA at the sn-2 position. The stereo-specific structures give a big difference on serum cholesterols contributed by palm olein and lard, attributed to the metabolic pathway of TG in the body. Fatty acids at the sn-2 position of TG in dietary fat play a crucial role in regulating serum cholesterol level because these fatty acids are prone to be absorbed and subsequently circulated in the form of lipoproteins through various lipase specific activities. To conclude, there are strong evidences consistent with sn-2 hypothesis presented in this review, indicating that plasma lipids are strongly associated with the sn-2 position of fatty acid in TG rather than the overall fatty acid composition of dietary fats. Thus, any misconception on the overall fatty acid profile of a vegetable oil in increasing human serum cholesterol levels should be reexamined and verified.
